In the present study, we compared the effects of good blood glucose control and that of aldose reductase inhibitor (Statil) treatment on diabetic retinal capillary basement membrane thickening in the diabetic BB-rat. Aggressive insulin treatment maintaining euglycaemia for 4 months prevented the characteristic basement membrane thickening in both the superficial and deep capillary beds of the diabetic retina. Statil treatment of hyperglycaemic rats for the same length of time prevented basement membrane thickening in the deep capillary bed but not in the superficial capillaries.
Capillary basement membrane (BM) thickening is a characteristic structural abnormality of diabetic microangiopathy [1] . The exact mechanism(s) underlying this abnormality is (are) not known, although hyperglycaemia has been suggested to play a key role in the production of diabetic microangiopathic changes [2] . Factors thought to be involved in the thickening of BM in diabetes include non-enzymatic glycation of BM proteins and an altered synthesis of BM precursors [1, 2] . The prevention of retinal capillary BM thickening in the galactosaemic animal models by aldose reductase inhibitors (ARI) suggests that increased polyol pathway activity may play an important role in the pathogenesis of this abnormality [3, 4] . On the other hand treatment of diabetic animals with an ARI have shown conflicting results as to its preventive effect on microangiopathy [5, 6] , suggesting that factors other than increased polyol pathway activity may account for these changes. In order to evaluate the pathogenetic role of an increased polyol pathway activity in diabetic BM thickening in retinal capillaries, diabetic BBrats treated with the ARI Statil were compared with BB-rats subjected to aggressive insulin therapy in order to achieve and maintain euglycaemia.
Materials and methods

Animals
Male prediabetic diabetes-prone BB-rats as well as non-diabetes prone male BB-rats were obtained from the University of Massachussetts, (Worchester, Mass., USA, courtesy of Dr. A.A.Like).
Three weeks after onset of diabetes, defined by detection of glycosuria and hyperglycaemia, diabetic rats were randomly assigned to various treatment groups: diabetic animals with poor diabetic control were kept insulin-deficient and maintained with small doses (0.5-3.0 U/day) of protamine zinc insulin (PZI) (Connaught Laboratories Ltd., Toronto, Ont, Canada) designed to prevent ketosis but to maintain blood glucose levels between 19.3-24.8 retool/1 [Diabetic] . A second group of diabetic animals maintained at similar blood glucose levels received the ARI Statil, (Smart Pharmaceuticals, ICI Americas Inc, Wilmington, Del, USA) 25 mg/kg per day [Statil(D)]. A third group of diabetic animals were treated aggressively with PZI (3.0-6.0 U/day) to achieve and maintain euglycaemia throughout the experimental period [Insulin(D)]. Age-matched non-diabetes prone BB-rats served as controls and were divided into two groups; one received no treatment [Control] and one received 25 mg/kg per day of Statil [Control(S)]. Statil was added to rat-chow (80 g Statil per 100 kg of rat chow). All animals were maintained in individual air filtered metabolic cages as previously described [7] . Blood glucose levels were measured every second week and glycosylated haemoglobin(Hb) every 3 months. Five animals in each group were killed after 4 months of treatment.
Tissue collection
The animals were anaesthetized with Na-pentobarbital (50 mg/kg) and killed by whole body perfusion with 2.5% gluteraldehyde in cacodylate buffer, pH 7.2. Radially oriented retinal segments from the superior temporal quadrant of the left eye within 3 mm of the optic nerve head were processed and examined using an electron microscope.
BM thickness measurement
Twenty cross-sectioned capillaries were measured in each animal; 10 located in the nerve fibre layer and ganglion cell layer (superficial capillary bed), and 10 in the outer plexiform layer and inner nuclear layer (deep capillary bed). BM thickness was measured as previously described in detail [8] . The investigator was unaware of the source of the samples.
Statistical analysis
The data are expressed as mean• SEM, and significance of differences was calculated by ANOVA, linear contrast, paired Student's ttest and linear regression by the least squares methods.
Results
Diabetic animals with or without Statil treatment showed hyperglycaemia, elevated glycosylated Hb levels and decreased body weights compared with control groups. Diabetic BB-rats treated aggressively with PZI showed euglycaemia, and their glycosylated Hb levels and body weights were similar to that of the two control groups ( Table 1 ). The BM thickness of capillaries from the superficial capillary bed in all experimental groups was significantly greater than the corresponding BM thickness of the deep capillary bed. In the superficial capillary bed both diabetic and Statil treated animals showed a significantly (p< 0.01) thicker basement membrane compared to that of controls, whereas in animals treated aggressively with insulin the BM thickening was completely prevented. In the deep capillary bed diabetic animals showed significantly (p< 0.002) thicker BM compared to the controls. However in contrast to the situation in the superficial capillary bed, the BM thickening in deep capillaries was completely prevented by both Statil treatment and aggressive insulin treatment. No significant differences were noted in any of the capillary beds between the two control groups (Table 1) . BM thickening in both capillary beds was closely associated with blood glucose levels and glycosylated Hb values (Fig. 1) .
Discussion
The present study has shown that good blood glucose control in diabetic BB-rats prevents the characteristic progressive BM thickening in both capillary beds of the retina, suggesting that hyperglycaemia is pivotal for BM thickening in diabetic BB-rats. In contrast, treatment of hyperglycaemic animals with an ARI prevented BM thickening in the deep capillary bed but not in the superficial one, indicating that an activated polyol pathway does play a role in this process. This latter finding in hyperglycaemic BB-rats is similar to that in galactosaemic rats, in which ARI treatment prevents the BM thickening in the deep capillaries [3, 4, 9] .
The present findings, however, would suggest that biochemical events are to various degrees involved in the pathogenesis of BM thickening in diabetes, and may be modified by topographical and physiological differences between the two capillary beds [10] . Ambient high glucose levels appear to be the major factor in the BM thickening of the superficial arterial capillaries, probably inducing non-enzymatic glycation of structural proteins, whereas an activated polyol pathway seems to play a prominent role in the BM thickening in the venous low pressure deep capillary system. Significant associations between blood glucose levels and glycosylated Hb values with BM thickness in both capillary beds suggest that hyperglycaemia is the common initiator of BM thickening, be it due to non-enzymatic glycation of structural proteins or due to an increased polyol pathway activity via one as yet unknown mechanism.
The reason for this suggested mechanistic difference in BM thickening in the diabetic retina of BB-rats is not known. It is possible that factors like intravascular pressure differences [111 may account for a larger non-facilitated glucose permeation in a high pressure Table I system allowing for a greater glucose concentration in the superficial capillary bed. This would promote nonenzymatic glycation of structural proteins, since this reaction is highly dependent on glucose concentration as well as time [12] . Other factors such as a much higher affinity of glucose to bind non-enzymatically to deoxyhaemoglobin than to oxyhaemoglobin [12] would conceptually leave less glucose available for permeation in venous capillaries. A similar reasoning may also account for the normal difference in BM thickness between the two capillary beds. However, the topographical and physiological factors responsible for this difference in therapeutic response in retinal capillaries need further evaluation.
